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Stnce the publication of my papers an the spermatogenesis of
the guinea and of the chicken respectively (Guyer 'ooa, "ogb)
in which was recorded the finding of a chromosome or chromosome
complex comparable to the “odd,” “aceessory” or “X-clement,"”’
deseribied so frequently of late as occurring in o wide range of
the Arthropoda, particularly the Tracheata, [ have examined
material from other vertebrates and can at present record its
presence in the rat, its probable occurrence in the  pigeon
(although this will require some turther corroboration), and its
conspicuous  occurrence  in mait. Inasmuch as the material
for its study in the rat is in the hands of a student for further
investigation, I shall contine myself in this paper to a descrip-
tion of the two accessary chromosomes as found in man, together
with other features of human spermatogenesis.

For my studies on man I have been fortunate in being able
to obtain exceptionally good muaterial through the courtesy of
my colleague, Dr. Paul. ¢ Woolley.  The subject from which
the testicular material was <ccured was a negro thirty years of
age who had died suddenly from the rupture of an aortic aneurism
(Case no. 150143, Pathological Records, the Cincinnati City
Hospital). A testis was removed within between an hour and
an hour and a half after death while the body was still warm
aml slices were placed  immediately into Gilson’s and into
Bowmn's tluids.

The mounted sections were {rom five to twelve microns thick.
Most of them were stained in Heidenhain's iron-haematoxylin
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and counter-stained with Congo red or acid fuchsin, although
Delafield’s haematoxylin was used with some.

An abundance of cell divisions were found to have been in
progress at the time of death. In a given field of the microscope,
in a favorable region, it was not unusual to observe as high as
six or seven cells in various phases of division.  As many as five
or six of such areas might exist in a single section, although it
was more usual to find only one or two. The material was very
uncven in that slides would be found in which section after scc-
tion showed division stages, while in others divisions were scarce.
These facts indicate that there were proliferating and resting
zones in the testis. The stages found in most abundance were
the metaphases and late prophases of the primary spermatocytes.
It was a comparatively simple matter to find spindles on which
the ordinary chromosomes were in metaphase with the two
accessories, closely associated, well removed toward, or at, one
pole (Figs. 6, 7, 8 and o).

In the literature of the subject much confusion prevails re-
cgarding the number of chromosomes characteristic of man.
There is wide disagreement in the counts of different observers
and there seems to have been a great dearth of material showing
division stages. Most of the enumerations are based on obser-
vations of from two to cighteen cells and these olten in ques-
tionable stages of preservation. ‘The great difficulty apparently
has been to secure material which was sutficiently fresh or which
was not diseased tissue that is notoriously irregular as regards
karyokinetic phenomena.

As early as 1881 Flemming discussed mitosis in the case of
man illustrating it with some six figures (Taf. 3, Figs. 11-16)
of which Fig. 16 is from leucocytes of leucemic blood, the others,
from the corneal epithelium of two different subjects from cach
of whom an eye had been removed because of affection of the
bulbus.  Although at this time he made no definite record of
the number of chromosomes, his drawings show them to be
considerably in excess of sixteen, the number later announced
by Bardeleben ('92).

Writing several years later, however, in response to the 1892
paper of Bardeleben, Flemming ('97), from a reéxamination ot
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his old material, gives the number of chromosomes as twenty-
four. He cites the papers of Hansemann (‘91, '93) as the earliest
attempts known to him to make a count of the chromosomes of
man.  But since Hansemann records eighteen in one case, twenty-
four in another, and forty in a third, the latter apparently
estimated from the spireme stage, and inasmuch as he himself
admits that his count was very uncertain, concluding with the
statement that, “die Zahl sicher hoher als 24 <¢1,” we may fairly
disregard i, 1 think, in the light of modern technique.  In this
sccond paper Flemming o710 states that his count is based on
only four cell-divisions in which the chromosomes had just
split preparatory to separation. His ovact statement of his
obseryations is as follows: “Es gelang das zwar ber keinen ganz
sicher, aber bet zwaien der vier darin enthaltenen Mitosen doch
anndhernd: es scheinen in beiden Fallen 234 Doppelchromosomen
zu scin. Ber beiden stnd e jedentfalls mehr als 22 und, wie ich
sagen zu konnen glaube, weniger als 285 an ciniger Stellen decken
sie sich <o, dasz cine exacte Zahlung mir unmoglich wird.”
Flemming's nutterial had been fixed in one sisth per cent. chromic
acid and stained with safranin.

Bardeleben  has published  three papers (92, '97. '98) on
the spermatogencsis of mammals including man in which he
comes 1o the comclusion that the number of chromosomes in
the spermatogonia and spermatocy tes of man are sisteen and
cight respectively, and in his later papers he sets down four
as the number that ultimately reaches the spermatids. That is,
there is in sueccessive divisions a reduction in numbers from six-
teen to cight and then from cight to four.  This s much the
condition that | have found prevailing in birds (Guyer, ‘02, ‘oy).

Wilcox (‘oo) studied sections from a testis which had been re-
moved from a man fifty -four years old, in an operation for hernia.
Although scrotal swelling had existed for a year previous to the
operation the testis scemed to be normal in size and appearance.
He reports that, “In my material the number seemed to be
cighteen, the different counts resulting in figures ranging (rom
fifteen to nincteen.””  He remarks however upon the striking
absence of karyokinetic stages, so that his observations were
hased upon a very limited number of divisions.  Because of
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this lack of favorable stages he says: ‘““The whole organ was,
therefore, sectioned and in the great number of sections thus ob-
tained, not more than twenty cells were found in mitotic con-
dition.”

Wilcox continues:
in spermatocytes of the first order.  One could casily distinguish
spermatogonia, spermatocytes of the first and second order,

fir

I'he few cases of mitosis observed were

spermatids, and numerous nearly mature spermatozoa. The
number of the latter to be seen was very large and precludes the
assumption that the testis was functionally impaired by age or
by hernia. In the opinion of the writer, this condition merely
indicates that all the various processes in the spermatogenetic
series are not necessarily to be observed as taking place at the
same time. I can see no reason why there might not become
established in the testis periods of cellular activity alternating
with periods of cellular rest.”

Unfortunately Wilcox gives no drawings with his paper nor
docs he state definitely whether he regards the cighteen chro-
mosomes seen in the spermatocytes of the first order as the
reduced number or not. Ile does remark, however, that, “‘in
many cases they were plainly arranged in the tetrad or ring for-
mation which has been observed in a pretty general variety of
investigated species,” consequently the inference would be that
a synapsis had occurred and that one might expect to find in
the neighborhood of thirty-six as the somatic number.

The latest investigation on the number of chromosomes in
man with which I am acquainted is that of Duesberg ('006).
He reviews the work of Hansemann, von Bardeleben, and Flem-
ming and on the strength of his own observations concludes
that Flemming's count of twenty-four is correct.  The excessive
number found by Hanscmann he would account for on the basis
of the abnormal increase in the number of chromosomes which
is likely to occur in pathological tissues. In the case of Bar-
deleben he is inclined to believe that very thin sections (three
microns) are responsible for the smallness of the count since he
regards it as probable that part of the eell had been cut away.

The tissue upon which Duesberg worked had been fixed in
Flemming's or in Hermann's fluid and stained by the iron-hee-



ACCESSORY CIIROMOSOMES IN MAN, S

matoxylin method.  However, the number, twentyv-four. which
he records for man was not determined by direct count but was
inferred from the fact that he found two or three clear cases of
twelve chromosomes in the primary spermatocytes.  That his
finding of twelve in the primary spermatocyvtes was correct is
borne out by my observations but he is not justified, in conse-
quence, in stating that there must be twenty-four in sperma-
togonial or somatic cell-divisions. My muaterial shows that
two of the twelve chromosomes are the univalent accessories,
and a clear count of tavorable spermatogonial chromosomes
reveals only twenty-two.  This means in all probability that
of the taelve chromosomes ot the primary spermatocyte, ten
are bivalent and two aceessories.  Although Ducsberg examined
the spermatogonial chromesomes he states that he was unable
to count them exactly bevoud determining that, contrary to
the opinion of Yon Bardeleben, there were clearly more than six-
teen.  He states further tp. 4770 that, 7 Je n'al pas pu les compter
exactement, tant & cause de la petitesse des cellules que du
nombre assez Clevé des chromosomes, mais dans quelques cas
favorables on leur numération 4 pu &tre entreprise, j'ai obtenu
des résultats trés voisins de 24, jamais supéricurs a1 ce nombre
dans les cellules normales.”  And 1o conclusion he says: 11 ré-
sulte de 1a que le nombre des chromasomes est cortainement & mon
avis, de 12 dans les spermatoeytes et par conséquent de 24 dans
les spermatogonies et les cellules somatiques. Clest la confir-
mation de Popinion de Flemming.”

In the general scheme of the spermatogenesis of man there ap-
pears to be nothing unique. One can readily recognize the usual
four generations of germ cells; viz,, spermatogonia, primary sper-
niatoeyvtes (or spermatocey tes of the first order), sct‘nn(l.lr}' sper-
matocytes (or sperntitocy tes of the second order), and lastly
spermatids which transform directly into the spermatozoa. An
abundance of casily identificd Sertoli or nurse cells are in evi-
dence. Occasional centrosomes were observed in suitably stained
preparations but 1 have not pictured any in my drawings be-
cause the preparations from which the latter were made were all
so strongly decolorized that the stain had evidently completely
disappeared from any centrosomes which might have been present.
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The matter of counting the spermatogonial chromosomes, it
must be admitted, is one of great difticulty. In the late prophase
or equatorial plate stage, the only time at which a count is possible,
they lie for the most part in an irregular band around a central
clearcr arca. In the vast majority of cases only a deeply stained
mass of small contiguous or overlapping chromosomes is visible
in this band and an accurate count is out of the question although
one can frequently determine that there are over twenty.  In sev-
cral instances, however, in which the positions of the chromo-
somes and the degree of the staining were favorable, twenty-two
distinct chromosomes, never more, were visible.

There is considerable range in size among the individual chro-
mosomes of the spermatogonia as well as observable differences of
form. Most of them were rod-like or oval in shape although some
were more nearly spherical.  In several though by no means all
instances two chromosomes, closely associated, were seen lying
at some distance away from the main band, out in the cyvtoplasm.
Taking into account this isolation, the rounded shape of these
chromosomes and their relative sizes, it seems very probable that
they are the two accessory chromosomes which do not manifest
their presence for a certainty until the next division. It will be
observed that one is somewhat smaller than the other.  This con-
dition obtains also between the two chromatin nucleoli of subse-
quent stages as well as between the accessory chromosomes where-
ever they can be identified, and one is led in consequence (o
strongly suspect that they are all one and the same thing. This
inference is all the more justifiable when the relation between the
chromatin nucleoli and the accessory chromosomes in some of the
lower forms is recalled.

Fig. 2 represents a nucleus of the primary spermatocyte in the
spircme stage which shows the two chromatin nucleoli in question.
In deeply stained speciimens these nucleoli, especially the smaller
one, arc notalways evident but in preparations stained by the iron-
haematoxylin method and then almost entirely decolorized, even
as regards the ordinary chromatin of the spireme they are usually
conspicuously visible. [t should be mentioned that occasionally
other small nucleolus-like granules were observable but since there
was no constancy in their presence, size or relationship, I have



(8]
(8]

ACCESSORY CHROMOSOMES IN MAN,

W

felt justified in ignoring them in the present discussion. Fig. 3
represents the spireme in the contraction phase which is not very
pronounced in man. Tt will he observred that the two character-
istic chromatin nucleoli still persist.

The primary spermatocyvtes when ready for division, as has
already been stated, reveal twelve chromosomes in late prophase
or carly metaphase (Figs. 4. 5. In Fig. 3 the two accessories are
seen at a glance and the remaining chromaosomes, judging from
their increased size and changed form, are bivalent, represent-
ing the paired univalent chromosomes of the spermatogonium,
That is, of the original twenty -two chromosomes twenty have
paired to farm the ten bividents of the primary spermatocyte and
two have remained nnpaircd as the accessory chromosomes.  In
Fiv. ¢ itis not evident just which two are the accessories although
twelve chromosomes are present.

[t is obvions from the the figures (Figs. 39) that there is con-
siderable ditterenee in the size af the various chromosomes of the
primary sperntatoey te.  Although the attempt was made it was
not found possible to alway s identity the individual chiromosomes.
They grade down in size trom some three or four Large ones to two
or three small ones but the tluctuations in size, probably due for the
most part to difterences in the eftects of fixation together with
diflerent degrees ol extraction of the stain, were too great to render
identitication sure.  In very <trongly decolorized seetions, es-
pecially when counterstained with Congo red, one large chromo-
some in particular frequently exhibited a tetrad-like formation,
while the other large ones at tines showed more or less delinite
indications of lobing.  In some cases this was sutheiently marked
to interfere with accurate counting.  In a very few instances, o
few [ think as to he practically negligible, there appeared to be
fourteen instead of the customary twelve chromosomes, but the
extra chromosomes alway s took the form of a tiny pair which I am
inclined to think had bhecome split off from one of the ordinary
tetrads or which had through some chance never entered into the
proper tetrad formation.  They were always united by linin-like
strands to one or two of the larger chromosomes.

IFigs. 6, 7, 8 and 9 show the two accessories in characteristic
positions.  Side by side, they always pass entire, considerably in
advance of the divided ordinary chromosomes, toward one pole.
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Of the ordinary daughter chromosomes of this first spermato-
cytic division, a pair of small clongated ones not infrequently
are the first to emerge from the general equatorial mass as shown
in Fig. 7. Oneisled to suspect that they may possibly be compar-
able to the small pair of chromosomes found so constantly in cer-
tain of the Tracheata although the evidence is not sufficiently
decisive to make this an established fact.

It is inferred that the division of the primary spermatocyte
is the reducing division, not simply because such a division ordi-
narily occurs at this stage, but from the fact that the chromo-
somes after divergence (Figs. 10, 11) when compared with corre-
sponding divisions of the secondary spermatocytes are seen to
resume more the elongate, rod-like appearance that characterizes
the univalent spermatogonial chromosomes, and also because
the accessory chromosomes pass over entire to one pole here
while they are halved in the next division.

It is evident from the foregoing that as regards chromatin con-
tent the result of the division of the primary spermatocyte is the
production of two dissimilar cells, one of which receives ten, the
other, twelve chromosomes.  Fig. 10 is a drawing of one end of a
late anaphase of such a division showing twelve chromosomes (10
plus 2 accessory). Fig. 11, in which only ten chromosomes are
visible, was drawn from what is probably the reverse end of a some-
what later anaphase than that shown in Fig. 10. [t is just pos-
sible that it is a prophase of division in a secondary spermatocyte
where univalent chromosomes come to the equator, but if so it is
the exception rather than the rule, as the secondary spermatocytes
ordinarily divide according to a different scheme.  Inany event
the drawing scrves to illustrate the fact that some daughter cells
of the primary spermatocytes have twelve chromosomes and some
only ten.

In places both primary and sccondary spermatocytes were found
dividing in the same field and one is led to conclude that either
there was no intervening period of rest between the two divisions
or that it was a very bricf one.  In other instances, however, un-
doubted resting stages of secondary spermatocyte nuclei were seen
in abundance. Approximately half of them showed, under
proper  decolorization, two chromatin nucleoli of which one
was somewhat smaller than the other.
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While at the conclusion of the divisions of the primary sper-
matocytes ten and twelve chromosomes respectively were delivered
to the pairs of daughter cells, nevertheless, when the latter as
secondary spermatocytes become ready for division, hall of them
show five and the remainder seven chromosomes. A\ second pair-
ing of the ordinary chromosomes has evidently occurred, so that
there are five bivalent chromosomes in each type of cell and the
additional two accessories in the one tvpe.  Fig. 12 is a drawing
of two contignous secondary spermatocevies; the one shows five
bivalent chromosomes in kite prophase, the other more than five
chromosomes in metaphase. These two cells are undoubtedly
the two dinghter cells of the same primary spermatocvte.  Fig.
13 shows one dunghter eell containing a group of seven chromo-
somes and the othera late anaphase of division which shows at one
end five chromosomes. The number of chromosomes at the oppo-
site pole of the seeond cell should of course be tive although be-
catise of the dense massing it could not he positively determined.
Fig. 14 represents a late anaphuse of division in a second.ary sper-
matoeyte which manifestly had had seven chromosomes in meta-
Ph.l\l'.

Both accessory chromosomes divide in this second spermito-
ey tic division period so that cach resulting spermatid  receives
seven chromosomes (Fig, 10). Fig, 15 represents an amaphase
of division in a sccondary spermatoey te showing still at the equa-
tor of the spindle o lagging chromatic mass.  Such & condition
was found in several instances and while 1 believe it to be the two
accessory chromosomes which happencd merely to be unfuvorably
pliaced for observation, I could not positively identify it as such.
IFrom the rekutive positions of the chromasomes as seen in Fig. 16
one would infer that the two sets of aceessories were the last to
have passed from the equator to the poles of the spindle.  More-
over, such a lagging of the accessory in this division was ob-
served in both the guinea and the chicken (Guyer, '0g).

It should be mentioned that occasional diviston stages were
visible which, judging from the smallness of the cell and the size
and shape of the chromosomes, looked as if they might be secon-
dary spermatocytes preparing to divide with the univalent type
(ten or twelve) of chromosome. 1t is possible, for instance, that
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Fig. 11 represents a prophase of the sccondary rather than an ana-
phase of the primary division although I am inclined to think it is
the latter.  If such simple divisions do take place, however, they
are certainly scarce in the material which 1 have examined so far.

FFrom the foregoing evidence it is manifest that there are in all
two distinct groups of spermatids equal in number; namely,
those which have reccived five and those which have received
seven chromosomes.  These chromosomes soon lose their visible
identity and the spermatids are apparently all alike except for the
significant fact that approximately half of them, in such prepara-
tions as have been stained by the iron-hematoxylin method and
then all but entirely decolorized show two chromatin nucleoli.
It would seem probable that these nucleoli stand in direct genetic
continuity with the two eccentric chromosomes scen in the sper-
matogonia and the two chromatin nucleoli and the accessory
chromosomes of the spermatocytes.  Fig. 18 represents two con-
tiguous spermatids, one of which shows no nucleoli, the other, two.
Comparison with Fig. 19 shows the relative conditions of size be-
tween the nucleoli of the spermatid and those of a primary sper-
matocyte.

As to the meaning of the second conjugation there scems to be
at present no clew. 1 have commented on it briefly in a former
paper ('09a, p. 509). It is not peculiar to man for I have observed
it also in the pigeon (02, '03), the guinea ('oga) and the rooster
('o9b). Undoubtedly Bardeleben (97, '98) still carlier saw the
same phenomenon in man, for although my results do not agree
numerically with his count of sixteen, cight and four respectively,
evidently, from the relative proportions in his counts, he had come
upon this second curious numerical reduction.

Assuming that the respective chromosomes are more or less
qualitatively differentiated, such a numerical reduction, however,
by no means necessarily implies that there has also been a second
qualitative reduction.  Aside from the improbability of such a
reduction, the general appearance of the divided chromosomes
would not warrant this interpretation; for instead of the clongated
univalent type as seen in the spermatogonia or in anaphases of the
divisions of spermatocytes of the first order, the daughter chromo-
somes here retain the rounded appearance and increased size that
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is characteristic of the bivalent types (compare Figs. 1, toand 11,
13, 14, 15, 16 and 17).  Thus while halfl of the spermatids receive
five, and half seven chromosomes, in terms of univalence the num-
bers would in all probability e ten and twelve respectively.

Inasmuch as the spermatids transform directly into spermato-
zoa it follows that there must he be two classes of the latter differ-
ing with respeet to whether they have or do not have the two ac-
cessory chromosomes.  Thus the conditions in man appear 1o be
very much the same that Wilson Cogl deseribes for Syromastes,
one of the squash-Tg family 7 Coreidoer.

Numerous examples of such dimorphism of the spermatozoa
have been recorded in yvarious invertebrates, particularly in in-
sccts, archnids and myriapods, and i has been clearly demon-
strated that cggs tertilized by sperniatozoa which possess this ac-
cessory chromosome or chromosome Lroup Hthere may be one, two,
three or even lour separate ¢ hromatic bodies, |l¢'|lt'lh|illg tpon the
species) devadop into females, those tertilized by spermatozoa
which do not possess i, develop into males. Flenee the aceessory
has come to be regarded l»_\ some of onr most careful and exXpe-
ricnced workers as an actual sex determinant. Toany event it is
obvionsly associated with the determination of sex either as cause
or ettect. 1o the light of nunerous recent rescarches both on
plants and animals the idea has rapidly gained ground that sex
arises not as was long believed, as a response of the developing
organmism to stimuli trom without. hut that under normal condi-
tions at least, it is amtomatically determined by some internal
physiological mechanism.

Inasmnich as this intricate matter has been repeatedly and ex-
haustively discussed pro and con during the past ten years. it is
unnecessary for me to enter into a review of the subject anew.
For the general reader who may not have kept in touch with the
current literature of the subject, two excellent eritigues are now
available in the recent papers of Wilson (oga) and Morgan ('10).
In these papers one will also find thoroughgoing discussions of the
subtle problem as 1o whether, assuming that the accessories arc
sex determinants, the matter of sex determination is to be regarded
as a qualitative process effected by some inherent peculiarity of the
accessory chromosome, or whether the relation of such a chro-
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mosome or group of chromosomes to sex is merely a quanti-
tative one, the female type resulting when a greater amount of
active chromatin is present. Extensive bibliographics will be
found in the recent papers of Wilson (‘o3, '06, '09), Payne ('og),
Morse ('09) and Morgan ('10).

In conclusion I wish merely to point out that as regards ac-
cessory chromosomes, conditions prevail among vertebrates
(guinea, chicken, rat, man, etc.) similar to those found among
numerous Tracheata (and probably certain other invertebrates)
where the accessories are undoubtedly associated in some way
with the phenomena of sexuality. In Syromastes (Wilson, 'ogb),
which seems to parallel most nearly the condition found in man,
half of the spermatids were found to possess two more chro-
mosomes than the remainder. It was predicted by Wilson
that in consequence the somatic cells of the female of this species
would show two more chromosomes than the somatic cells of
the male. Later the facts were found to be in exact accord
with his prediction, the somatic cells of the female containing
twenty-four, of the male twenty-two chromosomes. Similar
verifications have been made in other tracheate forms.

In the light of these facts we should expect the somatic cells
of man to contain twenty-two, and of woman, twenty-four
chromosomes. The tissucs of the female have not yet been
studied with this in mind. Flemming ("97) records the somatic
number of chromosomes, determined from corneal cells,as twenty-
four but unfortunately he does not record the sex of the sub-
jects from which the material was obtained. If it were a female
his count would bear out the interpretation given above.

SUMMARY.

1. Twenty-two chromosomes differing considerably in size
occur in all spermatogonia in which a definite count could be
made. In a few instances two, apparently the two accessory
chromosomes, were seen considerably to one side of the main
mass of chromosomes, surrounded by a small clear court of
cytoplasm.

2. Twelve chromosomes appear for division in the primary
spermatocyte, of which ten are cevidently bivalent and two

aCcCessorics.
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3. The two accessory chromo<omes pass undivided to one
pole of the spindle considerably in advance of the other chro-
mosomes, with the result that half of the daughter cells in this
division receive twelve, and half, only ten univalent chromosomes.
This i~ evidently the reduction division.

4. The ten univalent chromosomes which passed to the one
secondary spermatocyte unite azain in pairs, at least in the ma-
jority of cases, to form five bivalent chromosomes which appear
at the equator of the spindle when the cell is ready for division.
The division here is presumibly an equation and not a second
reduction division, judging from the size, shape and general
appearance  of the resulting  dauchier chromosomes. Thus
while cach of the spermatids formed as a result of this division
receive only five chomosomes, the Tatter are bivalent and equiv-
alent 1o ten of the somatic or sperntatogonial chronosomes.
There is some slight evidence that the secondary spermatocy tes
may occasionally divide with these chromosomes in their original
condition of univalence.

5. Ten of the twelve chromosomes which passed to the other
pole of the spindle in the primary spermatocyte behave in pre-
cisely the same wav as described in the bist paragraph. The
two aceessory chromosomes come 1o the equator of the spindle
in the sccondary spermatocy'te with the five bivalents thus
making in all seven.  Bach accessory now divides so that the
resulting spermatids cach receive seven chromosomes;  that
i, five bivalent plus two aceessory, or the equivalent of twelve
univalent chromosormes.

0. In reality, then. of the total number of spermatids, half
have in all probability received ten, and half, twelve (1o plus 2)
univalent chromosomes.  Tnasmuch as the spermatids transform
directly into spermatozod, there must be two classes of the Tatter
differing with respect o whether they have or do not have the
two accessory chromosomes.

= It is a significant fact that approximately half the resting
spermatids when stronghy decolorized  after iron-haematoxylin
staining, show two chromatin nucleoli and half do not. It
scems probable that these nucleoli may correspond 1o the ac-
cessory  chromosomes and are to be identified with the two
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nucleoli of the primary spermatocyte and the two eccentric
chromosomes scen in the spermatogonia.

8. It is probable that in man and certain other vertebrates,
as in the insects, myriapods and arachnids, the accessory chro-
mosomes are in some way associated with the determination

of sex.
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ACCESSORY CHROMOSOMES IN MAN.

i

ExrraNatioN oF PLatE [

All of the drawings were male with the aid of a camera lucida; their magni-
fication is approximately 1.530 diameters.  While the chromosomes are repre-
sentedd as acdurately as posble, no attempt has been made to show details of the
achiromatic strioftures beyond general appearanges and relations.  In several
cases where the chiromesomes wens not in the same tocal plane they have been
drawn caretilly in the post tnorable plane and then correcter] as much as possible
from second mure wenrate drawines ot su b individaal chiromosomes as were not
intocus in the fu-c drawing

Freo 1. Late propluse ar apermatazonial division showing twenty-two chro-
mosomes  The two cliomesanses Tving to une e ot the imain zone of chromo-
pames are presamably the two o e b

Fre 20 Nugleur o prigrary apermates yte shiwing spireme stage with two
chremuctin nocleah,

P 30 Nudlens gt primary  spetmaticate showing  the  contraction-phase
ot the nodléun contente i twrt (o Gy, nhatenh.

Fra. 30 Late prophiase of divisbon (g priany sperimnatocy te showing twelve

hromowone Phe two vz o s sbe 6 the maan croup are the accessore s,

Freo 500 Late prophase of thvisbon i a promary spermatocyte showing twelve
chironosin Ierwe the two accossaries are ot readily wdentitied

Fias o, 508 o0 Mataphiwes nt diviai In panary spermatocy tos showing
the two aceommries in Claractrsts poattone pasang early t the poles. Fig 7
shows als two precoctonsty diverging danghiter chromosomes

Fro 1o e end of @ late ataphose ol shvison moa primaiy spernnitody te
showmg twelve chimmpsomes (1o plas 2 o emmnry o

Froo o Prolably one end ot o late anaphase o diveion o a pronary sper-
matocy te, showmd ten chromiosatues, the aosssiny chromosomes having cone
to the appewite poide; possibily 1 propliess 1 division in a secondary spermatocyte
in which the ten Chiromaosaties iy e reganss] annalont.,

B 120 Two conuguons seoon Liny sportiatdevtes pt which one shows thve
bivalent chromosomes o late propliase, the dther more than tve chromaosames
fprobably ive hivalent plis two accemsony f o mataphase These two cells are
cvidently the prodocts or a hywitin of o pnmary pamatocyte in which ten chro-
mosomes passed to cne pate and ten plos the two accessories to the other.

Fie, 130 Two contivuous secandany spernmatodytes, (e, having just divided,
shows five chromosomes at one pole; the chiromosomes at the other pole are <o
massed as to predlude counting although there should be ive. The other <econ-
dary spermatocy te shows seven chromosomes in late prophase.

Fic. 1 Late anaphase ot division in a secomdary spermatocyte which has
received the two accessory chiromosonies, showing seven chromosomes in all,

Fi6. 15. Anaphase of division in a sccondary spermatocyte showing still at
the equator a lagging chromatic mass which is probably the two accessory chro-
mosomes although 1t could not be positively identified as such.
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F1G. 16. Late anaphase of division in a secondary spermatocyte which has
received the two accessory chromosomes. FEach of the latter divides as an inde-
pendent chromosome at this time.

F1G6. 17. One end of a late anaphase of a division in a secondary spermatocyte
which had not received the accessory chromosomes.

1°16. 18. Two contiguous spermatids, one without chromatin nucleoli, the
other with two. The spermatids in general are about equally divided into these
two classes.

F1G. 19. Nucleus of a primary spermatocyte showing two chromatin nucleoli.



